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The Brine Evaporation Bag (BEB) recently participated in the Brine Concentrator 
Technology (BCT) Technology Down-Select (TDS).  It was found that the BEB System is 
able to process ISS (International Space Station) Alternate Pretreat Brine at a rate high 
enough for ISS application as well as future deep space missions.  The BEB System is also 
capable of processing the brine to a solid residue which will add to the stability and safety of 
storing the brine residue.  The results of the BEB testing for the BCT-TDS will be presented 
in this paper. 
Nomenclature 
BCT  =  Brine Concentrator Technology 
BEB  =  Brine Evaporation Bag 
ESM  =  Equivalent System Mass 
GC/FID =  Gas Chromatography / Flame Ionization Detector 
GCMS  =  Gas Chromatography Mass Spectrometry 
ISS   =  International Space Station 
JSC  =  Johnson Space Center 
ppm  =  parts per million (g/L) 
TDS  =  Technology Down-Select 
TOC  =  Total Organic Carbon 
UPA  =  Urine Processing Assembly 
I. Introduction 
ASA Recently conducted a Brine Concentrator Technology (BCT) Technology Down-Select (TDS).  The 
BCT-TDS compared the various brine drying technologies currently within NASA on the basis of their 
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Equivalent System Mass (ESM), Technology Readiness Level, and general operation.  Of the 27 different possible 
brine drying technologies which NASA reviewed,
1
 the Brine Evaporation Bag (BEB) technology
2-6
 was one of 
several brine dewatering technologies
2-11
 which NASA evaluated in the Brine Concentrator Technology (BCT) 
Technology Down-Select (TDS).  The BCT-TDS evaluated the various technologies applicable to a microgravity 
space application based upon their mass, power, volume, safety, and microgravity capabilities. 
The BEB System is composed of the BEB Evaporator and the BEB bag.
2-6
  The BEB Evaporator is an enclosure 
which provides the heat and vacuum in order to effect low temperature boiling of the brine.  The BEB bag provides 
the containment of the brine while allowing the water to be removed.   
In preparation for the BCT-TDS, the 
BEB System went through three rapid 
developmental generations (Table 1).  That 
development of the Continuous-fill BEB 
System is reported in Ref 11. 
The base condition for the testing 
(Figure 1) was a nominal base vacuum of 
25 torr, BEB Evaporator temperature of 
70
o
C, a Reservoir pressure of 150 torr, and 
the membrane oriented in the vertical 
direction.  The BEB was filled with ISS 
Alternate Pretreat Brine
12
 and then dewatered.  The rate and characteristics of the brine dewatering process will be 
presented along with the Equivalent System Mass (ESM).  Finally, the scaling of the BEB System to a flight unit 
will also be presented. 
ISS Alternate Pretreat Brine is a urine brine produced from real urine.  The urine has been acidified with 
phosphoric acid to control mineral scaling, and has had Cr(VI) added for biological control.  It has also been 
augmented with organics and calcium to  make it more similar to what would be present on the ISS.  Finally, the 
feed stock is 80% dewatered by volume to produce the ISS Alternate Pretreat Brine. 
 The Down-Select Testing for the BEB System included ESM and performance data, but also includes data on the 
general behavior of the system and data required to scale the system to an ISS application. 
II. Down-Select Testing 
The initial testing of the BEB was with the Gen1 BEB System using a 3” x 3” membrane centered in the top of 
the BEB (Figure 2).  The dewatering profile for this configuration is shown in runs 4 and 5 of Figure  3.  The graph 
shows an initial fill volume of approximately 725mL.  As the run begins and the BEB System heats, the apparent 
volume of the BEB decreases as the brine and trapped gas thermally expand. Over the course of a run, the total 
volume of brine processed in the continuous-fill method is approximately two times the BEB’s volume.  As 
additional runs and Generations of the BEB System were developed (Figure 4 and 5), it became evident that two 
times the BEB’s volume is the volume limit of the Continuous-fill BEB System.  Once the BEB has reached the 
limit of brine it can process, it is 60 - 80% full of brine residue (Figure 6 and additional data not shown).  Any 
remaining water is very tightly bound to the solids, salts, acids, and other chemicals within the residue.
11
  
In order to test if the dewatering process is diffusion limited, the Gen2 BEB System was built with only half the 
depth relative to the membrane.  The Gen2 runs using the same 3” membrane are presented in runs 1 - 3 of Figure 3.  
As can be seen in Figure 3, the initial volume of the Gen2 BEB is half the volume of the Gen1 BEB.  Additionally, 
the initial processing rate is approximately the same as the Gen1, with the end of the process occurring in 
approximately half the time and half the volume.  This implies that at least for the thinner profiles of the BEB 
Evaporator, the system is not diffusion limited.  It should be noted that the system is operating under boiling 
conditions and the boiling could be inducing a natural mixing of the brine, eliminating any diffusional effect. 
 
Table 1. Description of BEB Evaporator Generations 
  Evaporator Bag Nominal Bag 
Gen Dimensions Dimensions Volume 
  (inch) (inch) (L) 
1 6 x 6 x 2.5 4.75 x 4.75 x 2 0.75 
2 6 x 6 x 1.5 4.75 x 4.75 x1 0.375 
3 11 x 11 x 2.5 9.75 x 9.75 x 2 3 
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Figure 2. The BEB (right) and BEB Evaporator (left). 
 
Figure 1. Schematic of the BEB System. 
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As the development of the Gen1 continued, a process to put the membrane across the entire top of the BEB was 
developed.  The dewatering profile for a 6” membrane (6” for the entire 6” of the BEB Evaporator; the actual open 
membrane area on the BEB is nominally 4.75” x 4.75” or 2.5 times the area of the 3” membrane) is presented in 
Figure 4.   
Figure 4 shows the effect of temperature on the dewatering profile.  Three run at 60
o
C, 70
o
C, and 80
o
C show that 
increasing the temperature increases the rate of brine dewatering.  However, it also appears that increasing the 
processing temperature reduces the total volume of brine processed during the run.  
Figure 4 also include run 5 from Figure 3 to exemplify the effect of increasing the membrane area.  Comparing 
the 3” and 6” membrane runs at 70oC, it is seen that the production rate increases almost proportional to the 
membrane area, i.e., (1700-700)mL/(1200-700)mL is a ratio of 2.0 compared to the membrane ratio of 2.5.  Since 
both of these runs proceeded for the same length of time before the processing stopped implies that it may be 
membrane scaling which brines the process to a premature end.  More work is needed to investigate this effect. 
First, as the operating temperature of the BEB System is increased from 60°C to 80°C, the rate of brine 
dewatering increases.  This is due to the increased vapor pressure of the brine allowing for faster water removal.  
However, there also appears to be a disadvantage to the higher initial processing rate, and that is that the total 
volume of brine processed is decreased.  The exact cause of this decreased processing volume is not known, but is 
presumably due to membrane fouling.  Additional studies into this phenomenon are required. 
 Secondly, comparing the 70°C 3” and 6” membranes, it is observed that the 6” membrane is only removing the 
brine at about a 40% faster rate even though the membrane area is 2.5 times larger.  This implies that the limiting 
step is the removal of the steam by the vacuum system.  Once the headspace is saturated with steam, an increased 
area for steam production provides no additional advantage.  The rate of steam removal by the vacuum could 
potentially be further increased by a redesign (shortening) of the vacuum manifold between the BEB and the 
vacuum pump.  Additionally, the 6” membrane (22.5 in2 of usable membrane) reaches its end point about 20% 
sooner than the 3” membrane (9 in2 of usable membrane).  This trend is to be expected since the large membrane 
area means a higher dewatering rate. 
 
 
Figure 3. Dewatering data for the 3” membrane Gen1 and Gen2 BEB Systems. Runs 1-3 are with the 
thinner Gen2 BEB and runs 4-5 are with the deeper Gen 1 BEB.  
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The Gen3 BEB System looked at the effect of scaling the BEB to a larger size.  The same 2” depth of the BEB 
was kept and the 6” BEB Evaporator  (4.75” BEB) was scaled to an 11” BEB Evaporator (9.75” BEB).  This gives a 
four times increase in the BEB volume.  The dewatering profile for the Gen3 BEB System is shown in Figure 5.   
 
 
  
 
  
 
Figure 4. Dewatering data for the 6” membrane Gen1 BEB System. 
Temp Temp
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Figure 5.  Dewatering data for the Gen3 BEB Systems.  The spotted marker is the point at which the 
brine feed valve was closed. 
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The data presented in Figure 5 is shown as % Water Recovery instead of the volume of condensate collected.  
The spotted marker at hour 50, 48, and 32 for run 4, 5, and 6 is the time at which the brine feed valve was closed for 
each run, respectively.  Run 4, 5, and 6 processed 6.1, 6.4, and 6.1 L of brine respectively, and produced 4.1, 4.3, 
and 4.2 L of condensate respectively. Each run went for 4 days (+/- 2 hrs). 
As in Figure 4, Figure 5 shows runs at slightly different temperature conditions, with the high temperatures 
producing a higher water production rate.  Figure 5 also shows that both  the bulk temperature and the temperature 
of the lid where the membrane is located (and the water is removed from the BEB) are important. 
 Table 2 shows a summary of the BEB’s performance for the Gen1, Gen3, and GenX (prediction for the full-sized 
BEB system which would be built for the 
ISS).  For ease of extrapolation, GenX is 
sized to process 24L instead of the 22L batch 
which is produced on the ISS.  The scaling 
from Gen1 to Gen3 increased the volume of 
the BEB by a factor of four, it also increased 
the run time for dewatering of the brine by a 
factor of two, and maximum rate of 
production was increased by 41%.  These 
factors were used to extrapolate the behavior 
of the GenX which gave a process volume of 
24L, a run time of eight days, and a 
maximum production rate of nominally 
170mL/hr.   
Although it is steam which is produced from the BEB, as the steam increases to atmospheric pressure within the 
vacuum pump of the BEB system, it condenses to form a liquid at the exit to the vacuum pump.  Both the liquid 
condensate and the headspace over the condensate were collected and analyzed by Gas Chromatography Mass 
Spectrometry (GCMS) by Wyle at JSC for over 100 chemicals.  The resulting analysis is presented in Tables 3 and 4 
for the chemicals which had a detectable concentration. 
 Table 3 lists the chemicals found in the headspace over the collected condensate.  The reported values would 
reflect the organics which were not condensed back into the liquid water and any chemicals which subsequently 
went back into the gas phase after the water was condensed.  All of the values are less than 1 mg/m
3
 (ppm) except of 
acetone and hexamethylcyclotrisiloxane where were reported at 6.4 and 3.1 mg/m
3
, respectively. 
Table 4 reports the chemicals found in the liquid condensate from the BEB process.  As expected, the liquid 
condensate has a larger list of chemicals than the gas phase analysis since the condensation of the steam strips the 
chemicals from the gas phase.  Additionally, the actual gas phase produced by the BEB System was measured to be 
only 4mL/day.  The BEB is not an air evaporation process and as such does not require an air flow for the process to 
work.  The only air within the system is that which leaks in through the various vacuum seals. 
The source of the metal ions found within the liquid condensate are easily identified as the aluminum of the BEB 
Evaporator and the stainless steel of the tubing and vacuum system.  The remaining chemicals identified are smaller, 
higher vapor pressure chemicals which would be expected to volatilize with the water.  Finally, the TOC of the 
liquid condensate was found to be 191ppm. 
 
Table 2. Performance data for the BEB taken to nominally 
95% water recovery 
  Volume   Max Rate Day per 
Gen Processed Hours/run mL/hr 24L Batch 
1 1.5 48 85 32 
3 6 96 120 16 
X 24* 192** 169*** 8 
* An additional Quadrupling of the BEB's size 
** Calculated as a doubling of the run time 
 *** Calculated as a 41% increase in the max rate 
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Table 3.  List of chemicals identified from the gas phase of the BEB’s condensate 
headspace 
Chemical Contaminant Room Air 
BEB 
Process 
  (mg/m3) (mg/m3) 
Chloromethane <0.025 Trace 
Methanol Trace 0.190 
Acetaldehyde 0.120 0.210 
Ethanol Trace 0.083 
Acetone* 0.097 6.4 
Propanal 0.027 # 
2-Propanol <0.025 Trace 
2-Butanone <0.025 Trace 
Pentanal 0.035 <.025 
Hexanal 0.078 <0.025 
Heptanal 0.041 <0.025 
Octamethylcyclotetrasiloxane Trace 0.990 
Decamethylcyclopentasiloxane 0.410 0.420 
Dimethyl Disulfide ~ <.050 0.790 
Hexamethylcyclotrisiloxane $~ 0.780 3.100 
Allyl Methyl Sulfide ~ <.050 0.060 
Methyl-2-Propenyl Disulfide ~ <.050 0.094 
Octanal ~ 0.066 <.050 
  
 
  
Total Alcohols + Acetone 0.12 0.66 
  
 
  
Total Concentration 1.7 12 
(Non-methane hydrocarbons) 
 
  
  
 
  
 Volume of gas   4 mL/day 
Trace       Amount detected is sufficient for compound identification only 
*                GC/FID data results are in italics 
 $                Response factor generated from an internal study 
 ~                Concentrations are estimates only 
 #                Concentration included in acetone due to matrix interference 
                             The combined concentration is predominantly acetone 
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III. Solidification 
 The BEB Process offers a significant  advantage over many of the other potential brine processing systems.  
Because of the active heating and vacuum used, the BEB System is able to recover 100% of the water and convert 
the brine residue into a solid (Figure 6).
11
  This process of solidification requires approximately 3 day of additional 
processing after the normal dewatering process is finished and is described in detail in Ref 11.  
Solidification produces little (5%) water, but instead provides a safening factor to the brine residual.  The brine 
residue is a solid which cannot flow nor leak.  It is a solid which makes the handling of the bag for disposal easier, 
i.e., not a large 22L liquid filled floppy bag which if ruptured or punctured would leak acidic Cr(VI) liquid. 
 
 
 
 
 
 
Table 4.  List of Chemicals Identified from the BEB’s liquid condensate 
Chemical Concentration Chemical Concentration 
Name g/L Name g/L 
Ammonium 1.97 Methyl disulfide 400 
Total S 4.3 Methyl sulfone 494 
Calcium 0.22 Benzoic acid 921 
Magnesium 0.52 Phenol 2750 
Potassium 0.05 4-Methylphenol 9720 
Sodium 0.19 Dibutylphthalate 385 
Aluminum 32300 Diethyl phthalate 8 
Chrome 23 Ibuprofen 400 
Copper 11 (+)-Neomenthol 130 
Iron 484 2-Phenylacetic acid 180 
Manganese 219 Thymol 39 
Nickel 29 Ethanol 2760 
Selenium 20 Methanol 4460 
Zinc 85 Urea 1090 
Acetone 47100     
2-Butanone 156 TOC 191000 
Acetaldehyde 720     
 
 
Figure 6.  Brine residue converted into a solid block.  
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IV. ESM 
 All of the development and testing of the BEB System has been for a continuous-fill mode of operations.  
However, it was found that the volume of the brine residue was much larger than predicted.  The BEB System is 
only able to process two times its volume of brine.  Thus, the continuous-fill BEB System would still need to be 
approximately 50% of the volume of the brine processed.  Even though this would save about 40% of the mass of 
the BEB Evaporator, it would also require the inclusion of the mass of the continuous-fill equipment  which, in the 
final analysis (not shown), would result in practically zero mass reduction.  The continuous-fill method would also 
add a lot of additional complexity to the BEB System which translate in a flight system to lower reliability.  Thus, it 
is proposed that the flight system should be built to the full batch volume, and operated in batch mode with the 
primary water processor. 
 The mass, power, and volume of 
a 22L Batch BEB System for a 3 year 
mission is presented in Table 5.  The 
BEB System would be run once per 
cycle of the primary water processor 
which currently is based off of the 
Urine Processing Assembly (UPA) 
on the ISS and is a 22 day cycle.  The 
total mass of a 22L Batch BEB 
System is 53kg, there is an additional 
26kg in resupply for the BEB bags, 
and 4kg for spares.  Thus the total 
mass for a three year mission would 
be 83kg.  The average daily power 
would be 131kW-hr/day.  The entire 
system would require 0.23m
3
.  The 
crew time requires would be 
approximately one hour per run for 
bag change out, and one hour per 
year for standard maintenance. 
V. Conclusion 
Three generations of the BEB Evaporator have been developed to aid in determining the diffusional effects of 
the bag depth relative to the membrane, the scaling factors required to approximate a full sized BEB System, and the 
operating performance of the BEB System.  Comparison of the Gen1 and Gen2 results showed little diffusional 
effect.  This is most likely due to the boiling-induced mixing within the BEB during operations.  Comparison of the 
performance of the Gen1 and Gen3 provided insight into the scaling of the BEB System to process a 22L brine 
batch.  The results of this comparison lead to the decision that the continuous-fill method of operations is not 
optimal.  The best system for processing the 22L of brine is to process it as a single 22L batch.  As a 22L batch, the 
mass, power, and volume of the BEB System would be 83kg, 131kW-hr/day, and 0.23m
3
, respectively.  Operating at 
70°C, the 22L Batch BEB System would require only 8 days to process the brine.  This would also leave adequate 
time to process the brine residue for an additional 3 days into a solid block.  Since this will only require 11 of the 22 
days available to process the brine, it leaves many options open for processing parameters such as lowering the 
temperature, or leaving adequate time available to do unplanned maintenance or to process additional brine should 
the need arise. 
 
 
 
 
 
 
 
 
Table 5.  Mass, Power, and Volume of a 22L Batch BEB System 
ESM Mass 
Average 
 Power Volume 
Crew 
Time 
Item Kg W m
3
 minutes 
BEBs 26   0.07   
Spares 4   0.01   
BEB Evaporator 19   0.08   
Vacuum Manifold 34   0.07   
BEB System   131     
Crew time/cycle       65 
Maintenance/year       60 
          
Total 83 131 0.23 N/A  
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